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THE ANTECEDENTS AND AIMS OF THE WORK 

 
Knowledge on the effects of vegetation on the atmospheric greenhouse gas 
balance (the sum of emission and uptake) is becoming more and more 
important. Exchange of greenhouse gases between the biosphere and the 
atmosphere is essentially affected by the functioning of the vegetation and 
soil, and by the land use practices, as well. CO2 is the most important one 
out of the three main greenhouse gases. The soil and the vegetation are the 
most important in influencing the CO2 balance, while N2O is emitted by 
mainly by soils and CH4 by grazers – not considering anaerobic soils here -, 
and the latter may exchange with soils too. Atmospheric level of 
greenhouse gases rises permanently because of the pollution by industry, 
agriculture or transport. Estimation of the emission related to human 
activity is relatively straightforward, but role of ecosystems is no less 
important when trying to construct the GHG balance for a given period. 
The European Union has started several research projects (Carboeurope IP, 
Nitroeurope IP, Carboocean IP etc.) in the last decade aiming the 
description of the greenhouse gas exchange, mainly the sink/source 
characterization of ecosystems. 
Temperate grasslands cover large areas of the Earth's surface, and they are 
located in one of the regions where the impact of global climate change is 
predicted to be high due to increasing aridity and also because of shrinkage 
of forests. 
In grasslands most of the carbon can is below-ground (in the soil organic 
matter and in the below-ground plant parts). This feature provides 
temperate grasslands with many characteristics, which might be essential 
from the global carbon cycling aspect, because the assimilated carbon may 
be stored in the soil for a long time. In order to learn and quantify the role 
of temperate grassland ecosystems in carbon cycling and to predict their 
responses to a possible climate change, intense measurements on their CO2 
exchange are required. 
Productivity of our research object communities are mostly limited by the 
quantity and unequal distribution of rainfall, but this statement is actually 
true for almost the all area of Hungary. In case of a long-lasting spring-
summer drought, the annual carbon balance may be negative despite of the 
fact that drought usually also decrease root and soil respiration. If this is the 
case for several subsequent years, there is high risk of opening up and 
desertification of the grasslands. These dangers are mentioned in the studies 
describing and predicting regional effects of global climate change. It is 
suspected that in Hungary, mean annual temperature will rise, mean annual 
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precipitation will decrease and there will be a change in the distribution of 
rainfall, as well. These may generate desertification processes mainly in the 
Great Plains. 
Our study was part of EU financed projects (Carboeurope IP and 
Nitroeurope IP), aiming to construct the greenhouse gas balance of 
different European ecosystems. Other parts of the study were financed by 
national OTKA projects. 
Although studies on carbon cycling and their components are numerous, 
and we have large amount of general information on the topic, still the 
importance of the research activities conducted in locally important 
ecosystems to understand their role in carbon cycling is high. 
Measurements in the present work give insight on carbon cycling in 
representative and important Hungarian natural ecosystems. 
Methodological advances in measuring CO2 exchange in grasslands by 
using the chamber techniques are also discussed. 
 

1.2. Aims of the study 

 
The aim of the work was double: (1) methodological questions regarding 
chamber measurements, and (2) measuring carbon balance components of 
Hungarian grasslands, with data mainly from the sandy meadow of Bugac 
(Cynodonti- Festucetum pseudovinae). 

Considering the first subject, our questions were as follows: 

− Is it possible to use the chamber technique for long-term 
monitoring of carbon balance? 

− Are the data as received by the chamber method and eddy-
covariance measurements, in accord? 

− Which environmental factors affect the carbon balance of 
grasslands in different periods of the year? 

− Is open path chamber method convenient for permanent 
measurement of soil respiration? 

 
In the second subject, our questions were as follows: 
 

− What is the proportion of soil respiration in the carbon balance of 
grasslands? 
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− Is there a uniform model to describe dependence of respiration 
activity of different soil types on environmental factors? 

− What is the ratio of root and microbial respiration to the total soil 
respiration? 

− Which biotic factors affect the level of soil respiration? Is there 
any connection between photosynthetic carbon uptake and soil 
respiration? 

− What factors are influencing root respiration? 

− Which factors are causing the differences between different years’ 
estimated soil respiration sums? 

−  
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MATERIALS AND METHODS 

 
Measurements of gross primary production (GPP) components (net 
ecosystem exchange, ecosystem and soil respiration) of grassland 
vegetation with emphasis on soil respiration constituents were carried out in 
this work. Different techniques for measuring ecosystem CO2 gas exchange 
were compared. Separation of the rhizospheric (here roots and associated 
mycorrhiza) and the heterotrophic soil respiration components and 
description of their dependence on soil water content, temperature and 
photosynthetic activity of the vegetation were also the goals of the study.  
 
Study sites 
The research was conducted in different vegetations in Central Europe: 
sand pasture (Bugac), loess grassland (Isaszeg), dry mountain meadow 
(Szurdokpüspöki), open sand grassland (Vácrátót), maple oak forest 
(Gödöllő) and wet mountain meadow (Bíly Kríž, Czech Republic).  
Most of the study sites were grasslands in Hungary with nearly the same 
climate, but with strongly different vegetation and soil. Soil types cover a 
wide range in nutrient and clay content (sand soils from low to high 
nutrient content, loam, brown forest soil and heavy clay).  
 
Instrumentation 
Eddy-covariance technique: Eddy-covariance stations are run on three sites: 
Bugac, Szurdokpüspöki, Bílý Kříź. Stations are equipped with a CSAT3 
sonic anemometer and a Li-Cor 7500 open path IRGA to measure eddy 
fluxes of sensible and latent heat and CO2 and several other sensors to 
meaure micrometeorological variables (including wind speed and wind 
direction, temperature and relative humidity, precipitation, global radiation, 
reflected global radiation, net radiation, photosynthetically active radiation 
(PAR), reflected PAR, soil heat flux, soil temperature, soil moisture).  
Chamber techniques: Two types of chamber gas exchange measurements 
were carried out: closed and open system. Concentration of CO2 and H2O in 
air were measured by CIRAS-2 IRGA(PPSystems, Hitchin, UK) in the 
open system and LI-6200 IRGA (LI-COR Inc., Lincoln, NE, USA) in the 
closed system. The chamber size (60cm diameter) was the same in both 
systems. 
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Soil respiration measurements: Soil CO2 efflux was measured by LICOR-
6200 IRGA connected to a plexi hemisphere chamber from 2000 to 2005 
and by LI-6400 IRGA with 6400-09 soil chamber (LI-COR Inc., Lincoln, 
NE, USA) from 2005. 
Soil respiration measurements in open system: Development of the open 
soil respiration system was a part of the research work and is described in 
the results. Field test measurements of the new system have been conducted 
at two locations with different climate, vegetation and soil. The sites are 
eddy covariance sites in the Hungarian Great Plains (Bugac, Hungary) and 
in the Moravian-Silezian Beskydys (Bíly Kríž, Czech Republic). 
Root respiration measurements: Roots were digged out and cleaned from 
soil particles on a sieve before respiration measurements (LI-6400 IRGA). 
Leaf Area Index: LAI was calculated from the sunfleck/PAR-transmittance 
values. 
NDVIb (broadband NDVI): Broadband Normalized Differential Vegetation 
Index calculation was based on the incoming and reflected PAR and global 
radiation.  
Soil water content was measured by a TDR reflectometer (ML2, Delta-T 
Devices Co., Cambridge, UK) at 0-6 cm depth. 
Soil Temperature (Ts) was measured at 5cm depth by a digital soil 
thermometer. 
 
Modeling 
 
Soil respiration data were fitted (SPSS 8) using the Lloyd-Taylor model: 
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where R10 is the respiration rate at 10 °C, E0 is the activation energy, T is 
the soil temperature at 5 cm in Kelvin degrees. This model was modified 
after Byrne et. al. (2005) with soil water content also considered (eq.2.). 
With this modification it was possible to fit values of R10, E0 and the 
optimal soil water content for soil respiration (SWCopt in eq2.) 
simultaneously:  
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Statistical methods 
Basic statistics for comparison of the data were as follows: calculation of 
average, standard deviation, and range of data sets (minimum and 



 8 

maximum values). Calculations and model fitting were made in Excel and 
SPSS8. 
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RESULTS 

Methodological results 

 
Closed chamber flux measurements 
Closed gas exchange chamber connected to an IRGA proved to be 
applicable to measure net ecosystem exchange (NEE) in grasslands. 
Measurements were carried out on two different grassland sites, temporal 
and spatial variations of NEE were investigated. 
The advantages of the chamber methods are: (1) we exactly knew where the 
average fluxes came from, while in the case of micrometeorological 
methods exact localisation of mean fluxes is not possible; (2) they provide 
information on the spatial physiological heterogeneity of the vegetation and 
(3) the lower cost acquisition compared to micrometeorological methods. 
Difficulties of these measurements are discussed and possible solutions are 
indicated. Disadvantages of this method are: the fast temperature increase 
inside the chamber (chamber effect) and further, the chamber method did 
not allow continuous monitoring of the CO2 gas exchange. Automatization 
of these systems would be expensive with a probable decrease in the 
reliability of the measurements.  
 
Open chamber flux measurements 
The Open system (OC) proved to be also aplicable for continuous gas 
exchange measurements in grasslands, especially for short (i.e. 1-2 days) 
measurement campaigns. Under hot and dry conditions, frequent in 
summer, the open system would be a better choice for gas exchange 
measurements than the closed one. Open chambers are simpler to use than 
the closed chamber systems and the chamber effect is also smaller. The 
disadvantages of the OC system are the problems caused by the continuous 
air stream (different from the natural conditions), the pressure difference 
between the ambient air and the chamber's headspace, and sensitivity to the 
CO2 concentration fluctuations in the reference air. This method provides a 
continuous data set and can be automatized partially as oposed to the closed 
one. 
The better agreement between the OC and eddy-covariance measurements 
in the case of the CO2 than the H2O fluxes might have been caused by the 
much lower CO2 concentrations compared to the H2O ones. High and 
increasing H2O concentrations coupled with slow air stream resulted in 
lower vapor pressure deficit in the chamber than in the ambient air. Flow 
differences might not have caused these differences, since in that case the 
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discrepancy between the measured fluxes would have been similar for the 
two gases. The solution to this problem may lie in drying the reference air 
stream, but this procedure is difficult for relatively large air volumes used 
in this system. 
 
Soil respiration measurements in open system 
A cost-effective simple system for continuous measurement of soil 
respiration was developed and tested. The system is operated as open and 
presently consists of 4 small (d:5cm, h:10.4 cm) chambers allowing soil 
wetting from the circumference of the chamber base and from the holes on 
the top (serving for overpressure elimination and giving ~10% of the 
surface). The chamber size is suitable to use between grass tussocks, thus 
making it possible to avoid the disturbance of the spatial structure of 
vegetation that might formed through years, while small insertion depths 
(up to 5mm) allow minimal in depth disturbance. Low air flow rates 
associated with small chamber volume and chamber design allowed to 
stabilize the overpressure range to 0.05 Pa - 0.12 Pa. There was no serious 
error during the 6 months long continuous measurements at Bugac. 

 
Measurements of carbon balance components 
 
Soil respiration of five different Hungarian soils 
Time series of soil respiration data from five locations of strongly differing 
soil types were analysed in order to describe empirical relations suitable for 
modeling applications. Dependence of soil respiration (Rs) on soil water 
content (SWC) was however less frequently formulated explicitly, in spite 
of its practical value considering C-balance and partitioning the C-balance 
in drought prone ecosystems. In this study we verified the short term 
importance of soil water content on Rs. The wide range of soil clay 
contents made it possible to show the quasi linear positive relation between 
soil clay content and soil water content optimal for Rs. The significant 
negative correlation between activation energy and soil TOC (and TON) 
content may be explained by the availability of labile C substrates. 
Significant relationship was found between soil respiration and 
photosynthetic CO2 uptake. This relationship was time-delayed and the 
maximum correlation was found between Rs and GPP (measured 5,5 hours 
earlier). 
 
Root respiration measurements 
These measurements were done at the sand pasture (Bugac). We used 
measurements on root-free soil to estimate the ratio of root and root-
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associated respiration against soil respiration. This ratio was changing 
between 20-60% during the vegetation period.  
Dependence on root water content and temperature of root respiration was 
also described by eq.2. Based on this relationship the low (<12%) and high 
(>30%) soil water content could inhibit root respiration activity. Soil water 
content in this ecosystem is usually under 10% during the growing season, 
therefore soil water content is seriously limiting root respiration during the 
growing season. 
Time-delayed significant relationship was found between root respiration 
and GPP (3,5 hours). 
 
Annual soil respiration rates 
Based on meteorological data sets the above mentioned relationships were 
used to estimate annual soil respiration from 2003 to 2008 at Bugac. 
Minimum annual soil respiration was 999 gC m-2 year-1 in 2007, maximum 
was 1300 gC m-2 year-1 in 2004. Annual rates showed significant positive 
relationship with annual amount of precipitation.  
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NEW SCIENTIFIC RESULTS 

 
 We conclude that the closed system chamber can be a useful 
device for gas exchange measurements, especially for short-time 
measurement campaigns, the obtained results could be suitable for 
estimation of grassland carbon balance. 
 Open system chamber gas flux measurements were developed and 
compared to other technique of carbon balance measurements (eddy-
covariance). Good agreement was found between the two CO2 gas 
exchange method. We described that the overestimation or underestimation 
of H2O fluxes depend on the flow rate through the chamber (which is also 
depend on the LAI in the chamber).  
 A new method for continuous soil respiration measurements in 
grasslands with low cost demand was developed on the base of the results 
of open system gas exchange measurements. The chamber size of the new 
system is suitable to use between grass tussocks, thus making it possible to 
avoid the disturbance of the spatial structure of vegetation. The system 
could be capable to operate for long periods when unattended. 
 We described the dependence of soil respiration of different soils 
on climate variables and vegetation functioning, these results can be used 
for soil respiration modeling. Parameters of the model can be modeled on 
the base of the soil characteristics. Optimum soil water content of soil 
respiration was determined as a function of the clay content and activation 
energy of the soil respiration could be expressed as a function of the total 
organic carbon content of the soils.  
 We found a time-delayed significant relationship between soil 
respiration and photosynthetic CO2 uptake and between the root respiration 
and CO2 uptake. This delay was longer in the case of soil respiration (5,5 
hours) and shorter (3,5 hours) in the case of root respiration. 
 We estimated the ratio of root and root-associated respiration 
against soil respiration (changing between 20-60%). Dependence on root 
water content and temperature of root respiration was also described. 
 Based on these results we modeled annual soil respiration rates in 
sand pasture (Bugac). We found significant relationship between the 
modeled annual soil respiration and the annual precipitation. 
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CONCLUSIONS AND PROPOSITIONS 

 
 Closed and open gas exchange chambers connected to an IRGA 
were useful devices to measure net ecosystem exchange and its components 
in grasslands, but closed systems used in this study did not allow 
continuous monitoring of the CO2 gas exchange. The open system 
chambers do not need automated door-opening, and it could be easier and 
faster to perform the measurements even in special conditions (drought, 
hot). Open system enables longer unattended operation periods (days), but 
not real long-term (weeks or months), so these chamber techniques can not 
substitute, but complete the eddy-covariance method with a focus on the 
different components of carbon balance. 
 Based on the results of the open system NEE measurements, this 
method was succesfully adopted for soil respiration measurements. Main 
advantages of the new system are the small size of chambers, which allows 
to measure between grass tussocks, the continuous measurement of soil 
CO2 efflux (reliable operation through long time periods) and of 
environmental variables, the cost effectiveness (compared to standard 
systems) and the lower probability of technical failures due to the simple 
system design. With this new system better partitioning of eddy flux 
measurements could be made, seasonal and annual soil respiration could be 
measured. We hope to get answer to the question, what are the ratios of the 
different soil respiration components to each other and to GPP in different 
seasons and under different extremes of weather, like drought. 
 Soil respiration could not be modeled only on the base of 
temperature dependence in periodically dry or arid ecosystems. Soil 
respiration was strongly affected by soil water content in the investigated 
ecosystems, and should be noted in modeling. Seasonal Rs-SWC relation is 
expected to follow an optimum curve and can be described together with 
the Rs response to temperature by a response plane as fitted by eq. 2.. The 
fitting procedure gave statistically significant R10, E0 and SWCopt 
coefficients for Rs data of the five different soils. Ecosystem carbon 
balance models or partitioning methods of net ecosystem exchange could 
be more accurate using these relationships. 

Root respiration seemed to be more dependent on soil moisture 
than microbial respiration, further investigations needed to clear the carbon 
source of Rs (SOM or new carbon) during drought periods. The importance 
of determining the age of carbon lost from the soil under climate change 
has been elucidated, also considering the threaten posed by the possible 
positive feedback effect. 
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Knowledge on the response curves of the soil respiration components to the 
driving variables may help us to get closer to the accurate estimation of the 
ecosystem respiration and carbon balance. Methodological innovations of 
this work can provide more effective measurements of ecosystem gas 
exchange components.  
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